Introduction
Long chain derivatives o f resorcinol (I) as well as phenol an d catechol are n atu rally occurring am phiphilic com pounds isolated from m any p lan t m aterials [1] , M em bers o f the Anacardiaceae are the m ain sources o f these com pounds. Since 1964 the occurrence o f l,3-dihydroxy-5-rc-alk(en)ylbenzenes in cereal grains has been know n [2] , Phenolic lipids were supposed to be responsible for deleterious nutritional effects o f rye to anim als. Alkyl and alkenyl catechols present in p lan ts such as poison ivy, poison oak an d poison sum ach are well know n for their allergenic an d inflam m ato ry properties (see e.g. ref. [3] ). H ow ever, the role o f resorcinolic lipids in cereal grain biology is n o t know n, yet they m ight particip ate in the n u tritio n al properties o f cereals an d cereal p ro d u cts (e.g. high fiber products based on b ran m illing frac tion). D ue to the am phiphilic ch aracter o f phenolic lipid molecules they very likely in teract w ith b io logical m em branes [4] resulting in a strong d istu rb ance o f m em brane b arrier properties. H ith erto perform ed studies concerned m ainly one aspect o f phenolic lipids -m em brane interaction, nam ely the lip id -lip id interaction. T he results showed th a t these co m pounds upon in corporation into m em branes induced a strong increase o f their perm eability for w ater, ions and small non-electro lyte m olecules as well as the form ation o f intram em braneous non-lam ellar structures [5 -8 ] , It w as an interesting question if and how the d istu rb ance o f the m em brane environm ent caused by re sorcinolic lipids will affect the properties o f m em b rane proteins, especially m em brane enzymes. In this pap er the effects o f resorcinolic lipids u p o n the activity o f tw o integral erythrocyte m em brane en zym es (acetylcholinesterase and C a2+(calm odulin)-dependent A T Pase) are described. The effects o f chain length, u n sa tu ratio n o f side chains and m odification o f the hydroxyl groups o f resorcinol ic lipids in relation to its activity upon the m em b ran e enzym e are also dem onstrated.
Materials and Methods
Individual hom ologues o f 5-«-alk(en)ylresorcinol w ere isolated from rye grains as described ear lier [9] , 5-/?-pentadecylresorcinol (A ldrich, M il w aukee, W is., U .S.A .) was purified by colum n c h ro m ato g rap h y [10] . M ethylation o f hydroxyl groups o f 5-«-alkylresorcinol was done as de scribed by W enkert et al. [2] (II) and sulfonation w ith S 0 3-pyridine as described by K um agai et al. 
III
ch rom atographically on silica gel colum ns. The prep aratio n s were dissolved in eth an o l as 5 mM stock solutions. E rythrocyte m em branes were isolated from fresh pig blood according to D odge et al. [12] . A cetylcholinesterase activity was analyzed by the m ethod o f Ellm an et al. [13] and C a 2+(calm odulin)-A TPase activity according to Szyja et al. [14] . The effect o f resorcinolic lipids was studied after injecting small am ounts (up to 10 |il) o f ethanolic solutions o f the com pounds before in itiatio n o f the reaction w ith the substrate. The co n cen tratio n o f alcohol in the sam ples was always kep t below 0.5% . P rotein was determ ined according to L ow ry et al. [15] .
Results and Discussion
The hydrolysis o f acetylthiocholine iodide by erythrocyte m em brane acetylcholinesterase is de creased in the presence o f resorcinolic lipid in the in cu b atio n m ixture which indicates the inhibitory action o f these com pounds. As show n in Fig. 1 the effectiveness o f this inhibition is dependent on the prein cu b atio n tim e o f the m em brane w ith alk(en)-ylresorcinol. The tim e necessary to reach the halfm axim al effect is sh o rt (ab o u t 2 m in) indicating relatively fast in co rp o ratio n o f resorcinolic lipid into the m em brane and interaction w ith the en zyme in good agreem ent w ith the high value o f m em brane-buffer p artitio n coefficient (about 100,000 [4] ). F u rth e r experim ents were perform ed using 5 m in equilibration o f added com p o unds w ith the m em branes. This tim e was sufficient for in co rp o ratio n o f m ost o f the added resorcinolic lipids as their m em brane-buffer p artitio n coeffi cient is high (ab o u t 100,000 [4] ). D ependence o f the ap p a re n t inhibition o f erythrocyte m em brane acetylcholinesterase on the con cen tratio n o f indi vidual hom ologues and som e o f their derivatives show ( Fig. 2 ) their different abilities to inhibit the activity o f the studied enzyme. In the concentra- Cholinesterase activity was n o t as strongly d epend ent upon the num ber o f double bonds in the chain as it w as observed for their hem olytic effect. This is especially well seen for long chain hom ologuesb o th inhibitory activity o f C 2 3 :0 and C 2 3 :l hom ologues and the concentration vs. inhibition relationships are very sim ilar (Fig. 2) . The co m p ar ison o f the effects o f the various hom ologues and derivatives studied to the effect o f sodium dodecyl sulfate as an exam ple o f a detergent u p o n the ac tivity o f acetylcholinesterase is show n in Fig. 3 . T he ap p are n t inhibition o f the enzym e by sodium dodecyl sulfate is very low. The hom ologue, w ith O H groups sulfonated, exhibits also very w eak ef fects upon the acetylcholinesterase activity. Even a t the concentration above 200 |^m 15:0 disulfopentadecylresorcinol induced a decrease o f the en zyme activity only by approx. 20% . O n the oth er h an d this com pound due to the higher p o larity o f its p o lar head shows strong detergent-like p ro p e r ties w hen the effect on m em brane perm eability was studied [4] . The decrease o f the h eadgroup polarity by m ethylation o f the hydroxyl groups o f pentadecylresorcinol m olecule resulted in an opposite effect: slight enhancem ent o f their inhibitory activ ity (Fig. 3) . O u r previous findings show ed th a t alk(en)ylresorcinols exhibit also the capability for direct in teractio n w ith proteins [4, 17, 18] . T here fore, a kinetic analysis o f the inhibition was m ade based on the assum ption th a t the com pounds studied w ould act as sm all, simple enzyme inhibi tors. F o r kinetic considerations the scheme o f inhi bition pro p o sed by K ru p k a et al. [19] for long chain am m onium salts was taken:
where: E, enzyme; ES, enzym e-substrate complex; EA, acetylated enzyme; E l, enzym e-hinhibitor com plex; E A I, acetylated enzym e-inhibitor com plex; A, acetic acid; S, substrate.
A ccording to this schem e M iyagaw a and Fujita [20] show ed th a t the slope o f the Linew eaver-Burk p lot at a given in h ib ito r concentration will be equal to ATm/ F max (1 + [I]/K {) and p ro p o rtio n al to the in h ib ito r concentration. T herefore, the abscis sa intercept o f the plo t o f the values o f slopes o f plots \ / V = fS) determ ined for various inhibitor concentrations versus inhibitor concentration will give the value o f -K v This value could be consid ered as a m easure o f affinity o f in hibitor to the en zyme. Several param eters characterizing the inhib itory effect o f som e o f the resorcinolic lipids stu d ied on acetylcholinesterase activity are presented in T able I. A n increase o f the ap p aren t M ichaelis co n stan t in the presence o f resorcinolic lipids is very characteristic and is higher for u n satu rated hom ologues. R esorcinolic lipids despite the u n sa t u ratio n o f the side chain or m odification o f hy droxyl groups in the ring show high affinity for the enzyme w hich is depicted by K { values. This affini ty is sim ilar to th a t o btained for other com pounds know n to be acetylcholinesterase inhibitors [20] . It m ight be supposed th a t resorcinolic lipids bind to a hydrophobic "p o ck et" close to the ester binding site in a sim ilar way as ra-substituted benzyltriam m onium salts [20] . Since m any enzymes are integral m em brane p ro teins the possibility o f indirect effects on enzym atic activity by alteratio n o f the bilayer properties should also be considered. In this respect acetyl cholinesterase is know n to be quite sensitive to changes in fluidity o f the phosph o lip id bilayer o f the m em brane. It was show n th a t a decrease o f m em brane "fluidity" or the restriction o f the p h o s pholipid acyl chains m obility causes a lim itation o f the enzym e confo rm atio n al elasticity, a d ro p o f its cooperativity and finally a decrease o f activity [21, 22, 24, 25] . A ccording to this resorcinolic lipids m ight affect also the enzym e activity via indu ction o f changes o f m em brane fluidity. T he decrease o f enzym e activity is in accordance w ith the restric tion o f the m otion o f m em brane lipids by reso r cinolic lipids [23] ,
The inhibitory effect o f resorcinolic lipids on acetylcholinesterase activity is tem p eratu re d e pendent w hich is m ost pro n o u n ced for satu rated hom ologues. A t 25 °C heptadecylresorcinol in hib its the enzym e by less th an 20% , w hereas at 42 °C by m ore th an 50% in com parison to the co ntrol assays (Fig. 4) . This tem perature dependence o f in hibitory action o f satu rated and u n sa tu ra te d h o m ologues is sim ilar to the effect on b arrier p ro p e r ties [26] and fu rth er su p p o rts the im p o rtan ce o f m em brane alteration in the a p p a re n t inhibition o f acetylcholinesterase activity by resorcinolic lipids. T herefore resorcinolic lipid m olecules will play a role in both indirect (via alteratio n o f bilayer p ro p erties) and direct (via interaction w ith h y d ro p h o [I] w ith proteins e.g. bovine serum album in, ery th ro cyte spectrin, cholera toxin [4, 17, 18] w hich m ight be responsible for the affinity changes o f enzym e to substrate [20] . These tw o m ain effects w ould result in m ixed type inhibition observed for alk(en)ylresorcinols and o th er am phiphiles. The observed opposite effects o f resorcinolic lipids upon activity o f the enzym es studied (acetylcholi nesterase and C a2+-A T Pase) are in good agree m ent w ith the opposite effect o f m em brane fluidity on acetylcholinesterase and A T Pase activities de scribed in the literature [24, 25] . C hanges o f the in hibitory activities caused by m odification o f the polar headgroup suggest the im portance o f pro p er size a n d /o r hydrophilicity o f this p a rt o f the m ole cule.
The effects o f cereal grain resorcinolic lipids p re sented above are sim ilar to those show ed for a new cardiotonic com pound, gingerol, the bitter co n stit uent isolated from ginger, w hich is also a m em ber o f phenolic lipids [27] , G inger is know n since m any years in F a r E ast folk m edicine to be cardiotonic and to be a co n stituent o f m any herbic m ixtures. G ingerol was show n to activate calcium -depend ent A TPases and in p a rticu la r the heart-m uscle C a-A TPase [27] . A sim ilarity o f the action o f re sorcinolic lipids to the action o f this co m pound opens new perspectives for fu rther studies and sug gests the necessity o f solving the problem o f biom edical effects o f resorcinolic lipid-rich b ran products in h um an n u tritio n and health.
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